The purpose of this prospective study is to investigate the impact of endocrine treatment persistence on the survival of patients with estrogen receptor-positive breast cancer treated with endocrine therapy and identify the risk factors influencing the treatment persistence. We enrolled 1085 patients from Northeast China who were diagnosed as stage I-III, estrogen receptor-positive breast cancer between January 2007 and December 2010. The prognostic factors for disease-free survival (DFS) and overall survival (OS) of patients were identified using univariate and multivariate Cox proportional hazards regression models. Multiple logistic regression analysis was done to determine the possible risk factors for non-endocrine treatment and treatment discontinuation. Among the patients enrolled, 598 (55.1%) underwent 5 years of endocrine therapy, 278 (25.6%) less than 5 years, and 209 (19.3%) nonendocrine therapy. OS rates in the continuation, discontinuation, and non-endocrine treatment groups were 97.8%, 92.6% and 74.3%, and DFS 97.5%, 86.2% and 69.9%, respectively. After adjusting for pathological and socioeconomic factors, non-endocrine therapy and discontinuation were independent predictors for DFS and OS. Elderly patients (≥ 65 years), those living in suburban and rural areas, locally advanced patients, and receiving no radiotherapy and/or chemotherapy were more likely to receive non-endocrine therapy and discontinue endocrine treatment. In conclusion, the prospective study demonstrate that the persistence of endocrine treatment is low in estrogen receptor-positive breast cancer patients in Northeast China. Non-endocrine treatment and early discontinuation serve as independent prognostic factors for both DFS and OS of breast cancer patients treated with endocrine therapy.
INTRODUCTION
Breast cancer is the most common malignancy in women worldwide and the most frequent cause of cancerrelated death in females [1] . The incidence and mortality rates of breast cancer have been increasing rapidly since 1980s [2] . Endocrine therapy is an efficacious treatment option for estrogen receptor positive (ER+) breast cancer, which can significantly reduce the recurrence rate and mortality [3] . However, long-term of endocrine therapy is the key to ensure the efficacy. Previous study have found that 3 years or even 5 years of treatment with tamoxifen is significantly more effective than shorter tamoxifen regimens (1 year) [4, 5] . Recently, newer statistics from two large studies, the Adjuvant Tamoxifen: Longer Against Shorter (ATLAS) trial and the Adjuvant Tamoxifen-To Offer More? (aTTom), have confirmed that longer-term tamoxifen use (for up to 10 years) rather than stopping at 5 years generates a further reduction in recurrence and mortality [6, 7] .
Poor medication compliance and persistence is a major issue affecting all chronic diseases [8] . Breast cancer is no exception. Compliance is commonly defined as taking medication as directed (e.g., at a certain time
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of the day), whereas persistence is generally defined as continuing to take medication (correctly or incorrectly) for the recommended period. Adherence refers to the overall behavior, which includes persistence and compliance [9, 10] . Although the benefits of endocrine therapy on ER+ breast cancer, the adherence and persistence are rather poor [11, 12] . Van-Herk-Sukel et al. reported that about 50% of the breast cancer patients discontinued tamoxifen or any endocrine treatment before the recommended treatment period of 5 years [13] . Hershman et al. suggested that only 49% of breast cancer patients took adjuvant endocrine therapy for the full duration [14] . Early termination of endocrine therapy might increase the risk of breast cancer associated mortality [12, 15, 16] . Discontinuation of endocrine therapy is mainly due to demographic/medical variables, modifiable psychosocial characteristics, and the side effects [17] [18] [19] . However, the evidence is mainly from Western countries. The peak ages of breast cancer patients in the Western countries are mainly at 60-70 years old, which is 10 years later than the patients in the Asian countries [20, 21] .
Therefore, in the present study, we aimed to investigate the persistence patterns for women patients with ER+ breast cancer receiving hormonal therapy in Northeast China. The patients were grouped according to the treatment patterns: non-endocrine treatment, discontinuation, and continuation. The effects of different patterns on patients' survival were explored, and then the underlying influence factors and reasons for non-endocrine treatment and discontinuation were tried to discover.
RESULTS

Response rate
From January 2007 to December 2010, a total of 1431 women were diagnosed with hormone receptorpositive stage I-III breast cancer at our department. We excluded patients with neoadjuvant chemotherapy (92 cases), carcinoma in situ (332 cases), disease progression during endocrine therapy (74 cases), and other malignant diseases (6 cases). A total of 1085 patients were enrolled in the present study. Over the 5 year follow-up period, 986 patients were successfully followed and 99 patients were lost to follow-up. The response rate was 90.8%. There were respectively 7, 6, 10, 14, 13, 12, 10, 11, and 16 patients were lost from the first follow-up to the last one.
Demographic and clinical characteristics of the patients
Baseline demographic and clinical characteristics of the patients were shown in Table 1 . Patients were categorized into three groups: non-endocrine treatment, early discontinuation, and continuation. The median age of the patients was 51 years (20-85 years). In total, 876 patients received endocrine therapy, i.e., 631 tamoxifen only, 183 AI only, and 62 both. Early discontinuation of endocrine therapy was noted in 278 cases (31.7%) . No statistical differences were detected with respect to the family history of breast/ovarian cancer (P = 0.670), history of gynecologic benign diseases (P = 0.210), radiotherapy status (P = 0.060), and median follow-up (P = 0.808). We observed that there were significant differences in ages (P = 0.000), residence (P = 0.000), surgery type (P = 0.000), tumor grade (P = 0.000), lymph node involvement (P = 0.000), and chemotherapy (P = 0.000) among the three groups. At the end of follow-up, 96 patients died from breast cancer and 21 patients died from non-cancer causes. Additionally, 54 patients were alive at the end of the study, but developed recurrence of the disease.
Survival analysis
The 5-year overall survival (OS) rates were 74.3%, 92.6%, and 97.8% in the non-endocrine treatment, discontinuation, and continuation groups, respectively (P = 0.0058; Figure 1 ), whereas the 5-year disease-free survival (DFS) rates were 69.9%, 86.2%, and 97.5%, respectively (P = 0.0021; Figure 2 ). The predictors of OS and DFS were further analyzed by univariate and multivariate Cox proportional hazards regression (Table 2 ). After adjustment for clinical pathological factors and social economic factors, we confirmed that non-endocrine treatment and discontinuation still remained independent predictors for DFS (non-endocrine treatment: hazard ratio (HR), 13.180; 95% confidence interval (CI), 7.610-22.824; P = 0.000; discontinuation: HR, 7.621; 95% CI, 4.410-13.167; P = 0.000) and OS (non-endocrine treatment: HR, 28.080; 95% CI, 11.017-71.571; P = 0.000; discontinuation: HR, 10.976; 95% CI, 4.215-28.582; P = 0.000).
Risk factors for non-endocrine treatment and discontinuation
We further performed logistic regression analysis to identify the possible risk factors of non-endocrine treatment and discontinuation ( respectively, in the non-endocrine treatment (n = 209) group, early discontinuation (n = 278) group, and continuation (n = 598) group, and there were significant differences among the three groups. 97.5%, respectively, in the non-endocrine treatment (n = 209) group, early discontinuation (n = 278) group, and continuation (n = 598) group, and there were significant differences among the three groups. www.impactjournals.com/oncotarget P = 0.013). Moreover, the results showed that patients who did not received radiotherapy and/or chemotherapy were risk factors for non-endocrine therapy (no radiotherapy: OR, 4.723; 95% CI, 2.479-8.998; P = 0.000; no chemotherapy: OR, 2.065; 95% CI, 1.350-3.160; P = 0.001) and discontinuation (no radiotherapy: OR, 1.753; 95% CI, 1.032-2.977; P = 0.038; no chemotherapy: OR, 1.602; 95% CI, 1.048-2.448; P = 0.030). Interestingly, we observed that the types of endocrine therapy were also related with discontinuation. Tamoxifen only was a risk factor for discontinuation (OR, 2.351; 95% CI, 1.450-3.812; P = 0.001). However, type of surgery, family history of breast/ovarian cancer, and history of gynecologic benign diseases had no significant association with the non-endocrine therapy and discontinuation. 
Reasons for patients not receiving endocrine therapy
Among the 1085 patients, there were 209 patients who had not received endocrine therapy. The common reasons were listed as follows (Table 4) 
Reasons for early discontinuation of endocrine therapy
There were a total of 278 patients who early discontinued the endocrine therapy. The percentages of patients who continued endocrine therapy were respectively 93.2%, 86.2%, 78.8%, 72.3%, and 68.3% from the first year to the fifth year. The reasons were listed as below (Table 5) : (a) presence of side effects (n = 134) including endometrial thickening (n = 48), facial flush, sweat, and weakness (n = 23), and gastrointestinal discomfort and limb ache (n = 63); (b) feeling no need to continue treatment due to good outcome (n = 122); (c) patients with advanced ages or accompanied by other cardiovascular and cerebrovascular disease (n = 12); (d) switching to traditional Chinese medicine (n = 5); and (e) economic or other causes (n = 5).
DISCUSSION
Endocrine therapy has been identified as an effective treatment for ER+ breast cancer, with a recommended standard time for at least 5 years. Nevertheless, the compliance and persistence to medications is rather poor. In the prospective study, we confirmed that the persistence of endocrine treatment was also poor in women patients with ER+ breast cancer in Northeast China. Non-endocrine treatment and early discontinuation were independent predictors for both DFS and OS. Elderly women, patients who lived in suburban and rural areas, locally advanced patients, and patients who received no radiotherapy and/or chemotherapy were significantly detected in patients with non-endocrine treatment and early discontinuation.
It has been well documented that surgery followed by adjuvant treatment is a gold standard for breast cancer treatment [22] . Approximately 80% of breast cancers are ER+ and thus endocrine therapy is regarded as an important complement to surgery in the majority of patients [23] . Currently endocrine therapy includes gonadotropin-releasing hormone agonists (GnRHa), selective estrogen receptor modulators (SERMs) or downregulators (SERDs), and aromatase inhibitors (AIs), or a combination [23] . Although the benefits of receiving endocrine therapy, a growing body of evidence suggest that discontinuation of endocrine therapy has a negative impact on recurrence and mortality of breast cancer [14, 15, 24] . For example, a recent study has shown that the earlier termination of chemotherapy, the higher risk of breast cancer related death [14] . However, the available evidence suggested that only 30% to 50% of women were fully complete with hormonal therapy for 5 years [25] [26] [27] [28] [29] [30] [31] [32] . In our study, the discontinuation rate was 55.1%, which was a little higher than the previous above studies. A possible explanation for this phenomenon was the response and/or self-presentation bias. Some reliable data might not be able to directly access from patents because of these biases. In spite of this, improving of the follow-up quality may reduce the biases in our study. Although the relatively persistence rate at the beginning of the endocrine therapy in our study, the rate decreased year by year from 93.2% in the first year to 68.2% in the fifth year. Our results were in line with previous studies [25, 27, 33] showing that about 7-10% patients discontinued hormonal therapy (either tamoxifen or AI) every year. In addition, our data also revealed that non-endocrine therapy and early discontinuation were independent r predictors of breast cancer related death, which were consistent with previous studies [12, 15, 34] .
We further analyzed the potential risk factors of nonendocrine treatment and discontinuation by univariate and multivariate Cox proportional hazards regression models. Among all the risk factors, the ages of patients appeared to be very important. No significant difference was found in the persistence of among younger patients (< 50 years) and patients who were 50-65 years old. But interestingly, we observed that the elderly patients were one of the risk factors of non-endocrine therapy and discontinuation. Our results were similar with previous studies concerning the ages [35, 36] . While our findings were partly consistence with Sheppard and colleagues [29] , in which the authors observed that Swedish patients younger than 40 and older than 65 are at a higher risk of treatment discontinuation. However, Hershman et al. reported that the adherence was rather poor among younger women [14] . Moreover, a recent published paper by Fan et al. also suggested that young age was identified as a risk factor for nonadherence in Taiwanese women treated with hormone therapy [37] . The poor adherence and persistence in the younger patients is mainly due to the side effects caused by endocrine therapy [38] [39] [40] . The age difference between our study and the above two studies might be explained as follows: first, we enrolled large proportions of young patients at diagnosis < 50 years (45.5% of all patients); second, Northeast of China is relatively underdeveloped compared to Western countries or even Taiwan. Lack of medical and public health infrastructure in these areas is still a challenge for communities, especially for the elderly; third, elderly women more often display less fear of cancer recurrence and health worry [41] , especially in the undeveloped areas; and fourth, elderly patients are at greater risk of developing medical comorbidities (e.g. hypertension, heart disease, and/or diabetes) and cognitive impairment, therefore elderly individual are using many drugs at the same time [42] . Increasing forgetfulness, confusion, lack of understanding of treatment, and suspicions of drugs can all contribute to the failure of maintaining drug regimens [43] .
Moreover, we observed that residence place influenced the endocrine treatment patterns. Shenyang is the largest city in Northeast China, however, a total of 398 patients were from suburban and rural. Patients in the suburban and rural areas may have less opportunity acquiring higher education level and are inconvenient and inadequate to visit hospitals and/or to obtain medication due to the financial problems. As mentioned in our findings, we found that patient-related factors (such as the negative attitudes, perceptions, expectations and beliefs) appeared to be critical for not initiation of endocrine treatment or discontinuation, which were in line with previous studies [44] [45] [46] . In addition, we also demonstrated that therapy-related factors (such as side effects) contributed to the non-endocrine treatment and/ or discontinuation of endocrine therapy. Compared to AI only or sequentially combined with tamoxifen, tamoxifen only was a risk factor for discontinuation in the present study. Although tamoxifen is well tolerated in patients, significant and different side effects may occur during the long-term therapy, leading to the poor adherence and persistence [47, 48] . A growing number of studies have pointed out that the side effects of tamoxifen are the main cause of the low adherence [47, 49, 50] . AI has been identified to be superior to tamoxifen as hormonal therapy for postmenopausal ER+ breast cancer [51] . More interestingly, the results in the present study showed that the persistence was also lower in patients with locally advanced stage and patients without radiotherapy and/or chemotherapy. For patients with locally advanced stage, patients easily lost confidence due to the lack of education and the perception that endocrine therapy can bring much benefit. Endocrine therapy is normally performed postchemotherapy or post-radiotherapy. For patients who received no radiotherapy and/or chemotherapy or who cannot tolerate the treatments due to the side effects, the patient's general condition were very poor and they seemed not to take a long time of endocrine therapy.
A main limitation of our study was the self-reported information from the patients. Northeast China is a relatively backward region, and we were still unable to get medication information through the medical system network. The medication information was only obtained by telephone follow-up, outpatient follow-up, and medical education conference. Although the limitation, our results indicate that the persistence of adjuvant endocrine therapy is low in women breast cancer patients in Northeast China. Non-endocrine therapy and early discontinuation serves as independent predictors for DFS and OS. Elderly women, those who live in suburban and rural areas, patients with locally advanced stage, and patients without radiotherapy and chemotherapy treatment are at high risk of non- 
MATERIALS AND METHODS
Subjects and information collection
We enrolled a cohort of women who were diagnosed with breast cancer between January 2007 and December 2010 at the First Hospital of China Medical University (Shenyang, China). Demographic and clinic pathological parameters including age at diagnosis, family history of breast/ovarian cancer, history of gynecological diseases, tumor stage, lymph node metastasis involvement, types of surgery, and therapeutic modality were retrieved from patient records. Tumor stage was used to evaluate the tumor size (T1: ≤ 2 cm, T2: > 2 cm but ≤ 5 cm, and T3: > 5 cm). Types of surgery included tumorectomy, breastconserving, and modified radical mastectomy/mastectomy plus sentinel lymph node biopsy. Endocrine therapy consisted of tamoxifen only, aromatase inhibitor (AI) only, or both. This study was approved by the Ethics Committee of our hospital, and written informed consent was obtained from each participant.
Follow-up and definitions
Telephone follow-up was conducted at 6-month intervals for 5 years by experienced interviewers. The information included anticancer treatment after discharge and survival status. The reasons for non-endocrine treatment or early discontinuation were collected. Information on disease progression was extracted from outpatient followup records. The follow-up deadline was August 2016. Median follow-up time was 61 months, and the mean number of follow-up for each patient is 3.4 times. To avoid the potential the rate of lost to follow-up, a continuing medical education conference was held every six month in our hospital. Herein, continuation is defined as receiving endocrine treatment for 5 years. Early discontinuation is defined as cessation of tamoxifen and/or AI treatment within 5 years. DFS is defined as the time between diagnosis of disease and recurrence or distant metastasis. DFS was identified by clinical evidence of disease and the pathological examination (eg, punch biopsy). OS is defined as the time from diagnosis of disease to death.
Statistical analysis
Kaplan-Meier curves were used to quantify the values of DFS and OS over time and compared using the log-rank test. Univariate and multivariate Cox proportional hazards regression models were performed to identify prognostic factors for DFS and OS of patients. Multiple logistic regression analysis was conducted to determine the possible risk factors for non-endocrine treatment and treatment discontinuation. All analyses were conducted using SPSS version 18 (SPSS Inc., Chicago, IL). A value of P < 0.05 was considered as significant difference.
Abbreviations
ER+, Estrogen receptor positive; ATLAS, Adjuvant Tamoxifen: Longer Against Shorter; aTTom trial and the Adjuvant Tamoxifen-To Offer More?; AI, aromatase inhibitor; DFS, disease-free survival; OS, overall survival; GnRHa, gonadotropin-releasing hormone agonists; SERMs, selective estrogen receptor modulators; SERDs, selective estrogen receptor own-regulators; HR, hazard rate; CI, confidence interval; MRD, modified radical mastectomy; SLN, sentinel lymph node biopsy.
